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METHOD AND SYSTEM FOR FALL 
DETECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of Provi 
sional Patent Application No. 60/873,108 filed Dec. 5, 2006, 
which is incorporated herein by reference. 

BACKGROUND 

0002 Falls represent one of the most fearsome risks for the 
elderly. At the very least a fall represents the onset of loss of 
independence. At the other extreme, a fall initiates life's 
endgame, lasting anywhere from hours to a few months, 
depending on circumstances and severity. For example, even 
if an elderly person is using the most Sophisticated available 
technology, if the person falls and goes unconscious, the 
person may lie in one place for minutes or hours until death 
COCS. 

0003. Likewise, particularly for those suffering from acute 
or chronic illness, including various forms of heart and cir 
culatory disorders that yield dizziness, or for those who are at 
elevated risk for illness or injury, including those who suffer 
neuropathies such as tingling and loss of sensation in the feet 
and legs, the automatic detection and automated reporting of 
life-threatening falls, could mean the difference between life 
and death. 
0004 Fall detection is desirable as part of care programs 
for the elderly, the infirm, and for people with certain chronic 
or acute physical or psychiatric disorders, in Some cases 
because they are taking psychotropic medications that can 
cause diZZiness and disorientation. A fall may provoke an 
acute medical crisis. Particularly among the elderly or those 
who are hospitalized, having fallen recently is commonly 
accepted as a significant risk factor for additional falls, which 
may yield injury and declining vigor and health. 
0005. One conventional fall detection device has the user 
press a call button to indicate a fall. Other conventional fall 
detection devices send a signal when the person's orientation 
has changed to a horizontal position. A third type of detection 
device uses a sensor, Such as an accelerometer, and forwards 
the data to a station, such as a nursing station, where a person 
interprets the data to determine if a fall has occurred. A fourth 
type of detection device uses a 60Hz, sampling rate with a fast 
Fourier transform and classifier to discern the near-instanta 
neous pattern of contact with a horizontal Surface during a fall 
from the patterns of other motions. 

SUMMARY 

0006. It is recognized that conventional fall detection sys 
tems have numerous false positives or false negatives in their 
determination of a fall if based on a person taking an action 
after a fall or on the physical orientation of the person. Like 
wise it is not desirable or likely possible to have a person 
monitor data continuously to determine ifa person has fallen. 
0007. In contrast to conventional detection systems, the 
embodiments of the invention are directed to a fall detection 
system that has the ability to monitor one or more sensors and 
detect when the output changes from the normal range. The 
system monitors both the time and sensor output. If a 
sequence of logical conditions is satisfied, a fall report will be 
generated. Continuing monitoring without entering the logic 
sequence leading to a report indicates that the sensor is noting 
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conditions in a certain range. The system does not require the 
sensor to indicate that the user is in a horizontal position. 
Therefore, the improved detection system of analysis of the 
combination of time and variation from the normal range will 
have a higher rate of reporting true falls without false posi 
tives than the conventional system. 
0008. The fall detection system measures accelerations 
during the events of the three phases of falls. As a result, the 
fall detection system can be worn while engaging in any of the 
full range of daytime and night-time activities while mini 
mizing false positives and false negatives. The fall detection 
monitor device is a body-worn or implanted device having 
sensors, microelectronics, embedded processors running sta 
tistical Smoothing algorithms as well as deterministic and 
statistical algorithms, and digital or analog communications 
for the remote monitoring of falls. The device is packaged in 
a manner that is as comfortable and non-invasive as possible, 
and puts little additional physical or cognitive burden on the 
user. It is robust and reliable, Small and lightweight, unobtru 
sive and accurate. 
0009. In one arrangement, a wearable device for a remote 
monitoring system is positioned on the body of a person. The 
wearable device includes a data receiver to receive sensor 
data transmitted from at least one sensor positioned on the 
person. An analysis module of the wearable device takes the 
sensor data as input and analyzes timing and the sensor data to 
generate a report. The wearable device has a transmitter to 
communicate the report to an external device. These parts of 
the device can all be housed in one assembly, or they can be 
distributed among one or more assemblies. 
0010. In one arrangement, the analysis device of the wear 
able device has an algorithm with one or more stored param 
eters. The analysis device uses the parameterized algorithm to 
interpret the sensor data. The parameters include acceleration 
thresholds, geometric thresholds, and timing thresholds. 
0011. In one arrangement, the analysis device is analyzing 
data in relation to a fall condition and the one or more stored 
parameters. The stored parameters each have a default value 
adjustable by qualified professionals to characterize the fall 
condition for individual people or classes of people. 
0012. In an arrangement, the analysis device provides an 
indicator of the relationship of the sensor data with the data of 
the at least one stored model. For example, the analysis device 
uses reported values to indicate how much the accelerometry 
output data matches or deviates from the parameters used by 
the algorithm. 
0013. In an arrangement, the wearable device has an accel 
erometer and an impact detector as sensors. 
0014. In an arrangement, the wearable device has a data 
diary, data storage, for retaining collected data from the sen 
sors about falls and near falls to facilitate adjusting the param 
eter settings for the user. In addition, the data storage retains 
outputs from the algorithms. 
0015. In an arrangement, the wearable device for a remote 
monitoring system has a data receiver to receive data from at 
least one sensor positioned in the device. The wearable device 
has a parsing device to chunk through the datastream from the 
data receiver to determine the values of the acceleration and 
impact in three dimensions. An analysis device takes the data 
as input and includes a set of parameters. The analysis device 
with an algorithmic function operates on the received data to 
determine if the person has had a fall on the basis of the truth 
value of one or more conditions. A transmitter transmits a fall 
report to an external device. 
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0016. In one method of determining if there has been a 
change in a person’s physical situation, at least one sensor 
carried on the person is sampled. An algorithm of the wear 
able device detects when the sensor indicates a change from a 
normal range to a second range. The wearable device contin 
ues to sample the sensor to determine if the sensor is outside 
of the normal range for over a specified period. A signal is 
generated regarding change of situation if specific criteria are 
met. 

0017. In one arrangement, the method detects when the 
sensor indicates a change from the second range to a third 
range. The device continues to sample the sensor to determine 
if the sensor is in the third range for over a specified time 
period prior to generating a signal regarding change of the 
position. 
0018. In one method of determining if there has been a 
change in a person’s physical situation, at least one sensor 
carried on the person is sampled. An algorithm of the wear 
able device detects when the sensor indicates a change from a 
normal range to a second range. The wearable device contin 
ues to sample the sensor to determine if the sensor is outside 
of the normal range for over a specified period. A signal is 
generated regarding change of situation if specific criteria are 
met 

0019. In one arrangement, the specific criteria are at least 
one sensor recording a negative acceleration over a minimum 
threshold. The generated signal is communicated to an exter 
nal device. 
0020. In one arrangement, the analysis device of the wear 
able device includes at least one stored parametrized data 
structure of the events characteristic of a fall wherein the 
analysis device uses the at least one stored model to analyze 
and compare the sensor data. In another arrangement, at least 
one stored model holds default values for the parameters and 
the parameters as adjusted by a qualified professional. 
Accordingly, the remote monitoring system can determine 
whether the wearer of the wearable device has fallen by 
comparison to events characteristic of a fall. The wearable 
device therefore is not confused by other types of movements 
Such as merely reclining, or bumping against a wall or door 
knob 
0021. In one arrangement, the wearable device provides 
indicators of whether the sensor data falls within the domains 
of expected data of the at least one parametrized data structure 
for a fall. These indicators enable the electronic logic of the 
device, and an entity Such as a call center or caregiver, to 
interpret the comparison between the actual sequence of 
events and the parametrized data structure. 
0022. In one method of sensing whether a person has 
fallen, the device receives data from a sensor located on the 
body of the person. The datastream from the data receiver is 
parsed to determine the values of the acceleration in three 
dimensions. The data is analyzed using an implicit set of 
conditions characterizing one or more events with stored 
values that are compared to the accelerations in the datas 
tream. A fall report is generated in response to the analyzing 
step. 
0023. In one arrangement, the fall report is transmitted to 
an external device. The data is received from a plurality of 
sensors located on the body of the person. In one arrange 
ment, the data received from the sensor or sensors is trans 
formed to obtain values to logical conditions and variations to 
those values and conditions to indicate a particular condition 
of the person. The analyzing of the transformed data uses 
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stored parameters, whether they be the default parameters 
within the device or the parameters set by a qualified profes 
sional. 
0024. In one arrangement, the logical evaluation of at least 
one condition is achieved, and at least one statistic is calcu 
lated to indicate the Sureness with which the condition evalu 
ates to true or false based on the data and the parameters. The 
data is made available for caregivers to determine the details 
of the candidate fall event. 
0025. In one arrangement of a fall detection system, the 
fall detection system has a wearable device and a console. The 
wearable device has at least one sensor and at least one stored 
set of parameters characterizing how to interpret potential fall 
events. The wearable device is able to detect through algo 
rithmic analysis of sensor data with regard to the parameters 
whether a wearer of the wearable device has fallen. The 
wearable device has a transmitter to transmit a report of 
whether a fall has been detected. The console or server has a 
receiver to receive a report from the wearable device. The 
console or server then transmits an alert, and optional addi 
tional information, to one or more triage points for care 
response in response to the report. 
0026. In one arrangement, the transmitter in the wearable 
device is a short-range transmitter. In another arrangement, 
the wearable device transmits the report to the console over 
the wireless local area network. In another arrangement, the 
wearable device transmits the report to the call center over the 
Internet. 
0027. In one arrangement, the console includes a mobile 
power source whereby the fall detection system is usable 
away from a fixed location. In an arrangement, the console is 
a cellular telephone. The console has a locator device. 
0028. In one arrangement the wearable device monitors 
the remaining life of the battery, indicating when the available 
remaining battery powerfalls below a certain level, indicating 
that the battery will soon require changing or recharging. 
0029. In one arrangement the wearable device performs a 
periodic or on-command self-check to determine if the device 
and individual components are functioning properly, and 
reports the results of that check to at least the call center. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 The foregoing and other objects, features, and 
advantages of the invention will be apparent from the follow 
ing description of particular embodiments of the invention, as 
illustrated in the accompanying drawings in which like ref 
erence characters refer to the same parts throughout the dif 
ferent views. The drawings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. 
0031 FIG. 1 is a schematic of a person wearing a wearable 
fall detection monitor device of a fall detection system; 
0032 FIG. 2 is a schematic diagram of a person walking, 
with key body dimensions for teaching the structure of a fall; 
0033 FIG. 3 is a diagram of the structure of fall candi 
dates; 
0034 FIG. 4 is a diagram of the analysis algorithm and 
triggering of an alarm at a call center according to principles 
of the invention; 
0035 FIG. 5 is a diagram of the preprocessing to prepare 
data for the analysis algorithm; 
0036 FIG. 6 is a block diagram of a motion analysis 
tele-monitoring system; 
0037 FIG. 7 is a schematic diagram of the device; 
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0038 FIG. 8 is a block diagram of a mobile motion analy 
sis tele-monitoring system; 
0039 FIG. 9 is a block diagram of a mobile monitoring 
device; 
0040 FIG. 10 is a block diagram of a tele-monitoring 
system having a plurality of wearable monitoring devices in 
communication with one console; 
0041 FIG. 11 is a flow chart of error handling in a tele 
monitoring system having a central monitor, and 
0042 FIG. 12 is a block diagram illustrating the progres 
sion of movements in the motion signature associated with a 
fall. 

DETAILED DESCRIPTION 

0043. An improved fall detection system has the ability to 
monitor a sensor and detect when the sensor changes from the 
normal range. The system monitors both the time and varia 
tion over the entire range of motion. If the combination of the 
length of time and variance outside the normal range is within 
preset thresholds, a fall report will be generated. The system 
will also generate a fall report if the combination of time and 
variance from the normal range is below the preset threshold, 
but continuing monitoring indicates that the sensor is noting 
conditions in a certain range. The system does not require the 
sensor to indicate that the user is in a horizontal position, or 
tilting, or accelerating the tilt at any particular rate. Therefore, 
the improved detection system of analyzing the combination 
of time and variation from the normal range will have a higher 
rate of reporting true falls without false positives than con 
ventional systems. 
0044 FIG. 1 shows a schematic of a wearable fall detec 
tion monitor device 22 of a fall detection system 20 located at 
two possible locations on a human FIG. 24. The human figure 
representation 24 is shown wearing a monitor 22 on the wrist 
26 and a monitor 22 in proximity to the chest 28. In the 
arrangement described, the user 24 has a single fall monitor 
device 22 of the fall detection system 20 located on the wrist 
26. It is recognized that multiple fall monitor devices 22 can 
be used. The fall detection monitors 22 can be located on 
other positions on the user, typically located above the user's 
waist. The fall monitors can be in various styles including a 
pocket version, a version clipped to a belt, a version attached 
to the head, or a pendant version. The parameters described 
below may be different for each of these placements. 
0045. The wearable fall detection monitor device 22 on the 
wrist 26 contains a sensor System 30 and a communication 
system 32. In addition, dependent on the style of the fall 
monitor 22, the monitor 22 can include an analytical Sub 
system34, a data storage system 36, and a call button38. The 
sensor region can include multiple and varied sensors includ 
ing an accelerometer 40 and an impact detector 42. 
0046. In the arrangement shown, the wearable fall detec 
tion monitor device 22 has all the components recited. It is 
recognized that in Some arrangements that certain compo 
nents will be on other devices 22. For example, if there are 
multiple wearable fall detection monitor devices 22, a call 
button 38 may be located only one device. 
0047. An impact detector 42 is an accelerometer or a 
body-linked microphone that detects and interprets the 
Sounds, or rapid accelerations and decelerations that occur on 
parts of the body remote from the site of impact when an 
impact occurs, or the Sound produced by the shock waves 
from impact. One such example is the device as developed by 
Natick Labs in the Future Force Warrior Project that detects 
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shock waves from bullets impacting on the human body and 
that carry through the bones and viscera. 
0048. In order to understand how to determine if a fall has 
occurred, a brief discussion of falls is provided. Falls can 
happen in a number of ways. Falls vary according to Such 
factors as the direction of the fall, the flexure of the body 
during the fall, the Surfaces against which the body impacts 
during the fall, how the body comes to rest, and the nature of 
the reaction of the person to the fall. Examples include a 
collapse downward in free fall; a topple forward, backward, 
or sideways; a collapse of one leg; a trip and fall; a slip and 
fall; a misstep and fall, particularly on stairs. Falls also vary 
according to such cognitive factors as whether the person is 
aware of the beginning of the fall or not, whether the person is 
aware of the cause of the fall or not, and how the person reacts 
to the fall. In a fall, a person's body may come to a quick 
equilibrium upon contact with a floor, or it may take several 
seconds to reach equilibrium, as when the fall results in 
sliding down a flight of stairs. Falls vary according to whether 
the person is conscious or not at the conclusion of the fall, 
including what class of concussion the person may suffer. 
Many falls are associated with medication, with substance 
abuse, or with inability, so that even when people who have 
fallen are conscious, they may not be able to take charge of 
their situation. 
0049. Principles of classical physics can be used to under 
stand and characterize falls, and to simplify the treatment of 
falls. When people collapse, they go into free fall until some 
combination of body parts impacts the ground and they reach 
a stable equilibrium. To gain an approximate understanding 
of the dynamics of this kind of fall, one can assume by way of 
an example that the equilibrium point is reached when the 
buttocks hit the ground. 
0050 Referring to FIG. 2. dimensions are schematically 
represented for the human figure representation 24. The 
height of the hip of the human FIG. 24 above the ground for 
a standing/walking human is represented by line 50. The 
height of the fall monitor 22 above the ground on the chest 28 
for the standing human 24 is represented by line 52. The 
distance of the fall monitor 22 on the wrist 26 from the fall 
monitor 22 on the chest 28 is represented by line 54. 
0051. If the person weighs 200 lbs and has hip joints 
located at the height represented by the distance 50 of about 
36 inches, then the fall will take a little more than 0.4 seconds 
until impact. Velocity at the point of impact is almost 14 feet 
per second, and the resulting momentum of 280 ft-lb/second 
will be brought to zero with a simple to complicated impact 
with the ground. During impact the tissues between the skin 
Surface and the bone structures are rapidly compressed, buff 
ering the fall. Taking a typical tissue thickness of 0.25 inches, 
the impact takes about 2 one-thousandths of a second. Before 
the fall, the person is in a standard 1 G gravitational field. 
During the free fall, the person is still in a 1 G field, but an 
accelerometer will read O G because of the free fall. During 
the time of the impact the localized acceleration spikes to a 
very high multiple of the standard gravitational field (G's), 
although the value of acceleration measured by an acceler 
ometer elsewhere on the body (such as on the torso, chest 28, 
or wrist 26) is generally lower because the body dissipates the 
impact energy as if it were a bag of connected bones or a 
complex pendulum-like object. The very high multiple of the 
standard gravitational field (Gs) will be in the opposite direc 
tion, reading as negative Gs, the more exact meaning of 
which will be addressed below. 
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0052 Similarly, when people topple, they go into a modi 
fied free fall with an acceleration that starts near Zero and 
increases to 1 G near the time of impact, when some combi 
nation of body parts impacts the ground. To gain an approxi 
mate understanding of the dynamics of this kind of fall, one 
can assume that the equilibrium point is reached when the hip 
hits the ground. Still referring to FIG. 2, the vertical distance 
fallen will again be the distance represented by line 50. 
although the path is not substantially straight down, but rather 
in a curved path approximated by a quarter-circle represented 
by path 56, so the distance traveled is the distance represented 
by line 50x.JL/2 radians. 
0053. If the person weighs 200 lbs and has hip joints at 
about 36 inches then the fall will take between 0.4 seconds 
and well more than 1 second until impact, depending on the 
details of the fall. Velocity at the point of impact is almost 14 
feet per second, and the resulting momentum of 280 ft-lb/ 
second will be brought to zero with the simple to complicated 
impact with the ground. During impact the tissues between 
the skin Surface and the bone structures are rapidly com 
pressed, buffering the fall. Taking a typical tissue thickness of 
0.25 inches, the impact takes about 2 one-thousandths of a 
second. Before the fall the person is again in a 1 G gravita 
tional field. During the free fall the person is still in a 1 G field, 
but an accelerometer will read a decreasing function ranging 
from 1 G down to 0 Gjust prior to impact. During the time of 
the impact the localized acceleration spikes to a very high 
multiple of Gs, at times enough to shatter a lean healthy hip 
if the impact is directly on the hip joint, although once again 
the value of acceleration measured by an accelerometer else 
where on the body (such as on the torso or wrist) is made 
lower because the body dissipates the impact energy as if it 
were a bag of connected bones or a complex pendulum-like 
object. 
0054 With recognition of the anatomy of a fall, the pattern 
of variations of the resultant accelerations the sensor detects 
is described. Referring to FIG.3 shows a series of conditions 
that occur and the fall detection system 20 senses and inter 
prets. Box 60, represents Condition A, that of the normal 
condition, with the long horizontal line between C. and 3 
representing the time axis and the intersection with the verti 
cal axis being at approximately 1 G. A second condition is 
represented by box 62, Condition B, that of the accelerometer 
system 30 determining a decrease in G's for a minimum 
period of time. As indicated in greater detail below, the actual 
G level sensed by the sensor that is required to satisfy the 
condition can be adjusted, but a G force that deviates from 1 
Gjust slightly such as 0.92 G’s would not meet Condition B 
because it could too frequently be produced in normal motion 
and therefore would be too likely to initiate the logical 
sequence for a candidate fall, thus wasting fall monitor 
resources and potentially admitting a false positive result. 
0055 Still referring to FIG.3, the fall detection system 20 
monitors the sensor system 30 to determine if negative G’s 
(meaning that the force vectors implied by the accelerometer 
measurements before and during the impact are within JL/2 
radians of directly opposite) are sensed to signify the hitting 
of a hard object, such as the floor. Box 64, Condition C, 
represents such a condition. The fall detection system 20 
continues to monitor to determine what occurs after the nega 
tive G condition. If the sensor system 30 monitor returns to 1 
G with only minor deviations from 1 G, the user is in state 
Condition D. If the sensor system 30 monitor returns to 1 G 
but has deviations from 1 G in excess of a certain percentage, 
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for example 80 percent, the sensor is in stage Condition E. 
represented by box 68. The fall detection system 20 monitors 
by deviations from normal condition, but also monitors by 
time to determine if a fall has occurred. Such deviations can 
be evaluated as significant either by non-statistical analytic 
formulas Such as those expressed above, or by statistical 
techniques such as those of Walter Shewhart working with 
control charts based on the stored motion patterns of the 
particular individual or of classes of individuals. Understand 
ing Variation. The Key to Managing Chaos by Donald J. 
Wheeler (Knoxville Tex.: SPC Press Inc., 1993) is incorpo 
rated herein by reference. 
0056 Referring to FIG.4, an algorithm for signaling a fall 
condition is shown. The analytical subsystem 34 of the fall 
monitor 22 of the fall detection system 20 receives a stream of 
conditioned data 74. This streamed, conditioned data 74 is 
transmitted to a first comparator 76 section of the algorithm, 
which determines the value and direction of the acceleration. 
If the value present does not reflect the characteristic of Con 
dition B. box 62 in FIG. 3, then the algorithm continues to 
read the accelerations and takes no further action. If the value 
presents among the values characteristic of Condition B. box 
62 in FIG. 3, then the sequence for a possible fall is initiated. 
The analytical subsystem 34 is monitoring both values from 
the sensor system 30 and the time of each. If condition B is 
fully met and evaluates to TRUE, then the algorithm contin 
ues to read the data stream and moves on to a second com 
parator 78 to determine if the value of logic condition C. box 
64 in FIG. 3, is met. In one arrangement, condition C, has 
three paths. If the value does not present in the domain char 
acteristic of Region C, then the algorithm continues to read 
the accelerations and takes no further action other than return 
ing to a reset, box 80, and back to the beginning of the logic 
Sequence. 

0057. If the accelerometer output presents values charac 
teristic of Condition C, the sequence for a possible fall con 
tinues. Note that the lower extreme of the domain for Condi 
tion C ranges from the adjustable value B, with default value 
-1 G, to values that can be -150G or even lower. If the 
sensor has determined that the measured value is less than the 
adjustable threshold level, X, with default value such as -4 
G, represented by line 73, Region C, then optionally the fall 
detection system 20 immediately initiates a call, as repre 
sented by a box 82 to a call center 84. 
0.058 If the accelerometer output presents values less 
negative than the threshold value B, then the algorithm con 
tinues to read the accelerations and takes no further action 
other than returning to a reset, box 80, and back to the begin 
ning of the logic sequence. 
0059. If the accelerometer output presents values in the 
inclusive interval between the upper threshold value B, and 
the lower threshold valuew, with B represented by line 72, and 

represented by line 73, in FIG. 3, Condition C is fully met 
and evaluates to TRUE. In this case the algorithm continues to 
read the data stream and moves on to another comparator 86 
to determine whether the value of logic condition D. box 66, 
in FIG. 3 is met. As described elsewhere, there is a settable 
time delay, T seconds, between the end of domain C, box 64, 
and the beginning of region D. box 66, on the graph. If the 
values of the accelerometer readings are within the upper and 
lower values for the set period of time for region D on the 
graph, then Condition D. box 66, is met, and the sequence 
immediately initiates a call, as represented by a box 82 to a 
call center 84. Note that region D. box 66, is a domain much 
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more closely limited around 1 G than the limits for region E, 
box. 68, which would characterize various normal activities 
Such as also are characterized in Domain A. 

0060 Still referring to FIG. 4, a data buffer is logging new 
information and overwriting old information continuously so 
that when Condition B is met, data is already logged in a data 
diary 90 beginning at least ten seconds prior to the onset of the 
event sequence. Optionally, the data buffer, logging informa 
tion continuously, also stores similar data to the data diary 
when Condition C or Condition D is met, and data is logged 
in a data diary 90 beginning at least ten seconds prior to the 
onset of the event sequence. The use of the data diary 90 is 
described in further detail below. 

0061. If the characteristic of condition E, box 68 of FIG.3, 
is met, the fall detection system 20 optionally interprets the 
user 24 as moving and able to signal manually, if desired, that 
a fall has occurred. The fall detection system 20 returns to the 
reset, box 80, and back to the beginning of the logic sequence. 
0062) Ifat any point the user manually initiates and makes 
a Successful call, then the automated fall detection process 
continues in order to record information about the fall 
sequence, but does not initiate a redundant call. While the at 
least one set of conditions is shown to trigger an automatic 
call, those skilled in the art will recognize that alternative 
conditions could be used as the criterion to trigger an auto 
matic call for help. Such as the requirement that only two 
conditions, or a fourth condition be met in order to trigger an 
automatic call for help. Similarly, there are alternative default 
values that can be used, and additional conditions that can be 
used, without materially changing the inventive device. 
0063 Referring to FIG. 5, a schematic of the preprocess 
ing to prepare the data for the analysis algorithm is shown. 
The sensor system 30 such as the accelerometer 40 is sampled 
at a sampling rate. Such as 10 to 20 samples per second or 
more frequently, corresponding to one or two samples every 
tenth of a second or more frequently. If the raw data from the 
accelerometer 40 is in analog form, as represented by a box 
94, the data is digitized as represented by a box 96. The data 
is then transmitted in digital form to the signal conditioner, 
represented by box 98, where it is smoothed and converted 
into a form acceptable for input into the Software program on 
the microcontroller. The smoothed data of the sensors 30 is 
streamed as conditioned data 74 described with respect to 
FIG. 4. 

0064. It is recognized that the smoothing and conversion 
can be readily implemented in either hardware or software. 
Therefore this step of an arrangement could be located logi 
cally either in FIG. 4 or FIG. 5. 
0065. With an overview of the fall detection system 20, a 

first scenario is described to further exemplify the fall detec 
tion system 20 and the fall monitor 22. During normal activ 
ity, the sensor 30 reads approximately 1 G. The variation from 
1 G is dependent on the person’s activity. Such a sitting, 
walking, running, or playing a sport. The normal range may 
correlate to the age and lifestyle of the user and be adjusted as 
described below. It is recognized that for certain activities the 
accelerometer will read both close to 0 G’s and negative G’s 
for short periods of time Such as during playing basketball. In 
addition, there will be periods where the sensor 30 deviates 
only slightly from 1 G. The fall detection system 20 in the 
analytical subsystem 34 interprets the conditioned sensor 30 
outputs to determine if a fall has occurred and if a call should 
be initiated, as represented by box 82 in FIG. 4. 
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0066. There are some key indicators that the fall detection 
system 20 through its analytical subsystem 34 determines 
whether a fall has taken place. The numbers given here are 
merely examples and can be adjusted as described below. 
Referring to FIG. 3, the accelerometer reading decreases to a 
level below the threshold level C, line 70, for example some 
where less than 0.5 G's for a time period of 0.2 seconds or 
O. 

0067. This is followed by negative G’s (meaning in a 
direction approximately opposite to the direction of accelera 
tion shortly prior to impact, as discussed earlier) during 
impact which follows this earlier changed acceleration value. 
(Since this range will vary, it needs to be an adjustable param 
eter in the device, as discussed elsewhere.) Third, there is a 
period of substantial motionlessness, the duration of which 
the fall detection system 20 uses in determining whether the 
person who fell is collecting themselves and checking to see 
if everything in the first approximation is still working, or if 
the person is too badly injured to move. (Since the character 
istics of this range will vary, it needs to be an adjustable 
parameter in the device, as discussed elsewhere.) In one ver 
Sion, the fall detection system 20 uses as one of its assump 
tions that persons who move are Sufficiently conscious and 
able to triggera manual alarm indicating that they need help. 
It also assumes that such able people may take from a few 
seconds to at most a minute to assess their condition while 
substantially motionless, but that after this time of prelimi 
nary assessment, they will begin to move. People who are 
sufficiently disabled by a fall will continue substantially not 
to move during the time window designated by the default 
boundaries or the adjustments made to them by qualified 
professionals. In another version, the device would use a 
classifier or other technology to detect whether the person had 
arisen and begun to walk, or otherwise begun to perform 
normal activities that would indicate that the fall had not been 
Sufficiently serious to warrant calling emergency personnel 
for assistance. 

0068. During normal conditions, the fall detection system 
20 registers small harmonic variations within the Zone of 
accelerations for normal functioning (Condition A, Box 60 in 
FIG. 3). The arm with the wearable fall detection monitor 
device 22, as seen in FIG. 2, will Swing during walking, 
yielding an oscillation of acceleration around the central 
value of about one G. Occasionally idiosyncratic events will 
occur. For example, the wrist may hit an obstruction Such as 
a doorknob, yielding a very brief impact, much briefer than 
those for voluntary arm movements, with very high values for 
acceleration, but when the context, direction, and time of the 
acceleration are considered or these impacts are Smoothed, 
and the fact that the motion returns to that of the Zone for 
normal functioning, they do not register as indicators for a 
fall. 

0069. If the fall detection system 20 notes a reduction in 
the positive value of acceleration to the condition B. Box 62 
in FIG. 3 for a period of about 0.2 seconds or longer, the 
analytical subsystem 34 will continue to monitor the sensor 
system 30 to determine if the next condition is met. The 
condition B will not be identical each time and the actual 
change in G’s and timing will depend on the distance and type 
of fall. For free fall, the accelerometer reading will be zero 
G's. For a toppling fall with no flexure of the body, the value 
will decrease monotonically to Zero G's from approximately 
one G. Forfalls that area combination of these falls, the same 
condition will be met, although with different evolution of the 
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details. Even for more complex falls, toward the end of the 
falls, people tend to move their wrists toward the ground to 
help break their falls, so that very shortly before impact the 
accelerometer reading at the wrist is likely to be zero G. Thus, 
for falls of this type there will be a period of at least approxi 
mately one or two tenths of a second with accelerometer 
readings less than C, as represented by the condition B. Box 
62 of FIG. 3. The threshold parameter, C. 70 can also be 
adjusted by the physician or other qualified person to charac 
terize the falling condition for this individual. 
0070. As indicated above, very brief impulses, such as 
would happen if the device struck a doorknob during the fall, 
would be smoothed out of the trace or would otherwise not 
influence the determination of whether there is a fall. That is, 
even if the impulse were not smoothed out of the accelerom 
eter trace, there would be no low-G event just prior to the 
impulse, and the impulse the sensor system 30 detects would 
not yield a call for help, because the person would continue to 
move normally, indicating that a dangerous fall had not 
occurred. Thus, condition B, for the falling condition, is 
TRUE when the smoothed accelerometer reading is less than 
C. for a minimum period. It is FALSE when it is outside this 
region because it is greater than C., as represented by Box 62 
of FIG. 3. (There is a default value for a, such as 0.5g. If the 
qualified professional sets the value higher, there is a greater 
likelihood that the fall-in-progress condition will be met, 
yielding fewer false negatives and more false positives. If the 
qualified professional sets the threshold parameter a lower, 
there is a greater likelihood in the direction of a fall having to 
be a free fall for the device to consider a fall to be occurring.) 
0071. In the third stage of a fall, the person’s body contacts 
one or more horizontal, vertical, and otherwise oriented Sur 
faces. During a period ranging from approximately 0.1 sec 
onds or the minimum length of time that the device can 
discern, there are one or more short accelerations represent 
ing the rapid deceleration of the body. The motion may also 
include horizontal accelerations as the body and its parts 
impact or bounce off vertical surfaces. It is possible that one 
second or more will be required for the body to come to a stop, 
Such as a situation wherein the person 24 falling results in the 
person sliding down a series of steps. This type of fall is 
different from a freefall of several feet to a hard surface which 
results in rapid deceleration, high negative acceleration, 
wherein the sensor is clearly above the threshold parameter B 
72 of FIG.3. The sliding down a series of steps does not result 
in Such a high negative acceleration, but does resultina longer 
time period of negative acceleration. If the fall is a minimum 
distance and the impact is cushioned, Such as a short person 
with an ample buttocks falling backwards onto a well padded 
floor, the deceleration will may be a fraction of 1 G. 
0072 This, for example, could be a person slipping and 
falling while running. The person puts out their arm that has 
the fall monitor 22, in an attempt to control the fall, resulting 
in the fall monitor 22 experiencing a different G force on the 
wrist 26 than what would be measured on the chest 28 in that 
there is relative motion between the different parts of the body 
at these locations. If the person falls either forward or back 
ward and the monitored hand contacts the pavement directly, 
then it is thrust in approximately the reverse direction by the 
impact. The deceleration of impact has a magnitude signifi 
cantly greater than 1 G. In the less likely event that the 
person’s wrist is held so that it moves exactly with the body, 
the deceleration will occur either by delayed impact with the 
pavement or body, in which case there is a sharp impact and 
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change of direction, or as a result of muscle and tendon 
strength, in which case the magnitude of the deceleration is 
again significantly greater than 1 G. Thus this motion some 
what shifts the motion domains for Condition B and Condi 
tion C in particular, increasing the acceleration downward 
during portions of the fall and often increasing the decelera 
tion at impact, but the effect is small and the condition evalu 
ates Substantially the same. 
0073. In another scenario, an elderly person enters the 
bathroom during the night and begins a topple fall to her left 
without knowing it. Partway down, she realizes what is hap 
pening and grabs her portable IV stand in an attempt to arrest 
her fall. If her wrists have accelerated upwards and to the side 
rapidly enough, Condition B will not have not been met yet 
and the device will continue its monitoring without proceed 
ing to Condition C. The stand briefly provides assistance and 
then topples with her. Condition B has still not been met, and 
even if this grasping might produce an event that satisfies 
Condition C, the device does not evaluate whether it does. 
The topple fall continues, and in the final approximately 0.2 
seconds Condition Bevaluates to True. As above Condition C 
subsequently evaluates to TRUE based on the impact at the 
bottom of the fall. Then if she does not continue to move 
enough after the fall, the device evaluates Condition D as 
TRUE and sends an alert to the call center. If she does con 
tinue to move, the device in normal mode leaves it for her to 
initiate a call for help. Consider, however, if the falling person 
had a very slow reaction time, therefore what the sequence 
would have been if the person had been reaching out to grab 
some object such as her IV just as her torso hit the floor or a 
wall. In this case the wrist monitor would be moving or even 
accelerating toward the object and away from the direction of 
the fall. In such circumstance the wrist monitor will still in 
almost all cases provide a correct evaluation of the first two 
events in the fall, but it is possible in Some circumstances that 
it might not register a net falling acceleration Sufficient to set 
Condition B to TRUE. The way to avoid this false negative is 
to have two monitors, one on the wrist, the other on the body, 
and set a hub to initiate a call for help if either of them 
registers a fall. Thus, it is recognized that the device as 
designed might be thought of as a tool that enables qualified 
people to assemble a detector of all possible falls, rather than 
as a device that guarantees detecting all possible falls, and all 
such composite fall detectors would be considered within the 
spirit of this invention. 
0074. In yet another scenario, an elderly person misses a 
step at the top of a flight of stairs and falls on her buttocks. The 
initial descent triggers Condition B, the impact triggering 
Condition C if she comes to an immediate rest at the top of the 
stairs. Whether Condition D is satisfied, and a call placed for 
help, depends on her motion after the fall. In the case that she 
slides bumping down the stairs, she may suffer bruises but not 
bone damage. She may be shaken and disturbed enough to 
trigger a call for help, but this is not sufficient to warrant an 
automatic call for help. Consistent with this, the initial impact 
may be distributed over those many bumps down, and Con 
dition C neversatisfied. However, if Condition C is triggered, 
then it is important that the delay until evaluation of Condition 
D be sufficient so that the path down the flight of steps is 
consummated. Then if Condition Devaluates to TRUE at the 
bottom of the steps, an alert is sent to the call center, and if it 
evaluates to False, then no automatic message is sent. 
0075. In another scenario, if a person falls out of bed, then 
he will be in free fall for the more than 0.2 seconds until 
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hitting the ground. During this free fall Condition B will 
evaluate to TRUE, unless the bed surface is so low to the 
ground that the 0.2 to 0.4 second time window cannot be met, 
in which case there is unlikely to be a serious injury and the 
condition B still evaluates to False. At impact Condition C 
will evaluate to TRUE. Then if the person continues as 
motionless, Condition D will evaluate to TRUE and an alarm 
message will be sent to the call center. 
0076. In another scenario for understanding the avoidance 
of a false positive, a person performs an overhead serve in 
tennis or squash, the Sweeping motion of the arm can satisfy 
the condition B, and the impact with the ball may satisfy 
condition C. However, the wrist monitor will remain in 
motion as the point is played out, so that condition D does not 
evaluate to TRUE, and the device will not send an alert mes 
sage to the call center. Similarly, a person may slide out of a 
chair, with the distances and contacts such that the wrist never 
attains the accelerations over time required to satisfy Condi 
tion B. This would be a correct result for potential damage to 
bones in the torso and members, but the person could still 
Suffer a concussion as a result of the head Suddenly dropping 
from the level of the chair to a hard floor, particularly if the 
back muscles accentuate the fall. To address this situation the 
device should be worn on the head, in which case the 
sequence of logical Conditions would be satisfied and a call 
placed automatically for help. People who are at risk for this 
type of fall, might therefore not rely on the default parameter 
settings, but would have a revised parameter setting so that 
free fall for the time required for the head to move from the 
seat of the chair to the floor would reliably be sufficient to 
satisfy Condition B. 
0077. There are a variety of non-purposeful patterns of 
motion that the arms and wrist can undergo. In yet another 
scenario the hands of the falling person can perform mean 
ingless action, Such as fluttering or vascillation, because the 
person does not know what to do during the fall and reacts 
perhaps with pure helpless anxiety. The algorithm uses an 
approach Such as Shewhart's statistical analysis, or the deter 
mination of a statistical classifier, to determine whether the 
wrist motion conforms to purposeful effort. If it determines 
that the wrist motion is characteristic of purposeful effort, 
then the determination that a fall has occurred is done on the 
basis of all three conditions. If it determines that the wrist 
motion is not characteristic of purposeful effort, then the first 
condition is eliminated and the determination that a fall has 
occurred is done on the basis of the remaining two conditions. 
Note that this part of the algorithm is not necessary for deter 
mining that the stereotypical loony (agitated) person who 
walks around with flailing arms has not fallen, because the 
condition C would never be satisfied, as the person’s arms 
continue moving and the wrist continues accelerating. 
0078. In this part of the algorithm, or optionally in, for 
example, the part of the algorithm that uses the three condi 
tions but for which the result of the third condition is ambigu 
ous, or optionally if the user is suffering from Some form of 
dementia and the device detects a near fall Such as indicated 
by two of the three conditions being met, then the device 
optionally sends a signal to the user to ask for a response or to 
remind the user to take an action. The signal to the user can be 
optionally a moderated tone or loud claxon leading to affirm 
ing or blocking action by the user, a Voice message reminding 
the user to take a positive action Such as pushing the button to 
confirm that S/he needs assistance, or if an automatic call is 
about to be initiated, a Voice message reminding the user to 
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take a positive action Such as pushing the button if s/he wants 
to prevent the automatic call for help. 
0079. In one arrangement, the analytical subsystem 34 of 
the fall detection system 20 has a default value of -0.5G for 
parameter f3, 72 defining the threshold value for the acceler 
ometer value for condition C, box 64 in FIG. 3, (negative 0.5 
G, meaning acceleration in a Suddenly Substantially reversed 
direction). As indicated above, the second parameter, B, 72 
defines the threshold value for the accelerometer value for 
condition C, box 64 in FIG.3, and signifies the stoppage of a 
fall. Thus condition C evaluates to TRUE if the value for 
acceleration in region C is a negative value ranging from P to 
negative infinity, and FALSE if it is greater than B. In one 
arrangement, as long as condition C is met for the minimum 
sensing time, the condition is true. There may be situations 
where the value is in a range that is less negative than B, and 
alonger time period is needed. Such as sliding down the stairs. 
0080. Not all falls are necessarily worthy of an immediate 
emergency call for all people. The value set for B reflects 
several factors, including a judgment as to the degree of 
impact that would reasonably yield significant damage to the 
user. Finally, there is the aftermath of the fall. Although in 
Some cases the body and wrist will come very quickly to a 
stop after an impact, in other cases. Such as during a fall down 
stairs, the body and wrist will take some seconds to come to a 
halt. Further, short of motionlessness due to a concussion or 
worse, one common reaction to a fall is lying or sitting quietly 
in place for a short time, to check whether one is conscious 
and physically okay. Thus, during the beginning of this time 
interval the person is likely to be either moving a great deal 
but not as a reliable indicator of well-being, or substantially 
motionless, not as a reliable indicator of either injury or 
well-being. Thus, there is a period of time T that must elapse 
before the device begins to evaluate Condition D and Condi 
tion E. The period of time X is adjustable by a qualified 
person. In one arrangement, the adjustable period of time, T, 
which has a default value Such as 15 seconds, characterizes 
the initial recovery time after a fall. If the value of t is very 
short, the system will be biased in favor of reporting all 
physical falls no matter what their impact on the person, that 
is, favoring false positives, in this case defined as fall events 
that did not damage the user Sufficiently so that S/he was 
unable to push the manual help button. If the value oft is very 
long, the system will be biased in favor of reporting only those 
fall sequences that have the most severe consequences for the 
user, Such as Sustained unconsciousness, that is, favoring 
false negatives, in this case defined as fall events that dam 
aged the user so severely that S/he was unable to push the 
manual help button for a long period of time. 
I0081. An Alzheimers or other dementia patient would 
represent an example of a user for whose device the qualified 
person may elect to set a rather short value of t, since such a 
user would not reliably be able to press the manual help button 
at all. A very healthy person who is still in robust physical and 
mental condition would be an example of a user for whose 
device the qualified person may elect to set a rather long value 
of T. Such as 30 to 60 seconds, since such a user might have 
falls, but only a sustained period of inaction would be the 
indicator that a fall merited an automatic call. After the time 
interval is completed, the person who is not in trouble will 
have begun to move normally enough, again yielding accel 
erometer readings in typically small variations around 1 g so 
that the after-fall condition evaluates as FALSE. If after this 
time t, the inventive device indicates that the person contin 
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ues not to move, or if there are strong negative or positive 
accelerations that would characterize Such conditions as 
writhing, which conditions can be detected as out-of-normal 
motion sequences through statistical analysis such as dis 
cussed earlier, then the after-fall condition evaluates to 
TRUE. 

I0082 Referring to FIG. 6, the wearable fall detection 
monitor device 22 of the fall detection system 20 is shown in 
a block diagram with a console 104 and a call center 106 of the 
system 20. The wearable fall detection monitor device 22 of 
the fall detection system 20 is configured to be worn by a 
person 24 on Such locations as the torso, the wrist, the head, 
and the belt. The wearable fall detection monitor device 22 
communicates with the console 104. The console 104 is typi 
cally located somewhere physically proximate to the wear 
able fall detection monitor device 22 of the fall detection 
system 20. The console 104 communicates with the call cen 
ter 106 that provides administration for the system 20 and 
passes alerts to caregivers. In an alternative embodiment, the 
console 104 is programmed with the telephone number of a 
triage center which may be provided by the user, or by any 
third party. 
0083. The wearable fall detection monitor device 22 of the 

fall detection system 20 includes the communication system 
or interface 32, the sensor system 30 having at least one 
sensor 40, the analytical subsystem 34 with at least one 
parametrized structure 44, and the data storage system 36. In 
one arrangement, the wearable fall detection monitor device 
22 includes the call button 38 to be used by the wearer of the 
wearable fall detection monitor device 22 to call for immedi 
ate help. This button may preferably include an alternative 
option, such as a multiple button click or a separate button, to 
truncate an emergency call or to indicate to the call center that 
the user is OK even though an automatic call has been made. 
I0084. Still referring to FIG. 6, the wearable fall detection 
monitor device 22 in an arrangement is a low-power proactive 
tele-monitoring system in which the sensor system 30 
includes an accelerometer 40. (The fall detection system 20 is 
Sometimes referred to as the tele-monitoring system). The 
analytical Subsystem 34 takes as input the data from the 
accelerometer 40. The analysis performed by the analytical 
Subsystem 34 on the accelerometer data may optionally 
include impact detection with an impact detector 42. 
0085. The communications system 32 is preferably a 
short-range (approximately 10 to 200 m) digital radio system. 
The wearable fall detection monitor device 22 continuously 
monitors and parses the data stream of the accelerometer. 
This is supported by a FIFO (First In First Out) buffer in 
memory to retain the most recent data prior to the onset of a 
fall event and the data about the details of the fall and its 
immediate aftermath, to be stored in the diary in the event of 
a fall or near fall and Subsequently transmitted to a location 
such as the call center. When the event is over, or during a 
convenient later time, the contents of the FIFO buffer are 
written to the data storage system 36, after which the buffer is 
written over through the process of normal operations. The 
data storage system 36 enables a person to be monitored for 
incidents of fall-related behavior over a period of time. 
I0086 Based on this data and other factors, parameters 
such as the threshold levels a and Band time of condition such 
as condition A, condition C, and condition D can be adjusted 
to minimize false positive and false negative results. In an 
arrangement, the system is set so that only qualified persons 
who can set and adjust the parameters of the system can 
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obtain feedback about the quality of their settings for the user, 
and then modify their settings to provide an improved fit to the 
user's needs and situation. At times of convenience or upon 
command, the wearable fall detection monitor device 22 
transfers the contents of the data storage system 36 through 
the console, through a cellphone, or by transferring a manual 
storage device Such as portable flash memory or Small non 
volatile memory mini-SD media to a server, or by wireless 
radio to a console for further processing or forwarding 
depending on the configuration of the system. The period of 
monitoring and storing depends on the capacity of the mini 
SD media as well as operational considerations. 
I0087 Still referring to FIG. 6, while the wearable fall 
detection monitor device 22 of the fall detection system 20 
communicates with the console 104 wirelessly in this 
embodiment, it is recognized that other types of communica 
tions links are possible. For example, in one alternative 
arrangement the wearable fall detection monitor device 22 is 
connected to a receiving device connected to the console 104 
over a local area network. In one arrangement, the receiving 
device does not contain any circuitry to process data, although 
in other embodiments it may. It deals with data on the basis of 
store and forward to reduce the risk that data may be lost. It is 
the primary repository of retained data about falls, making it 
possible for the worn fall monitor to have minimal non 
Volatile storage and therefore remain lighter and Smaller. It is 
able to attempt multiple calls through multiple channels to the 
call center or other designated loci, in case one or more of the 
communications channels has broken down. There can be 
receiving devices in multiple rooms all connected to the con 
sole 104, or multiple consoles in separate parts of an occupied 
space, all coordinated so that only one console will place a 
call to the call center even if more than one console receives 
a fall alert from the worn device. 

I0088. In another alternative arrangement, the wearable fall 
detection monitor device 22 is connected to the console 104 
directly in order to transfer data from the data storage system 
36 to the console 104. The communication system32 has two 
methods of transferring information. The first method is wire 
less for indicating when a fall occurs. The second method is 
when the fall detection monitor device 22 is docked into the 
console 104 for transmitting larger amounts of stored data. 
I0089. In another arrangement, the communication system 
32 of the wearable fall detection monitor device 22 is similar 
to a cellular telephone system and is able to transmit data to 
the console 104 or a call center from a remote location. In one 
arrangement, the console 104 is an application included in a 
cellular telephone carried by the wearer of the wearable fall 
detection monitor device 22. 

0090. In one arrangement, the part of the device that con 
stitutes the wearable fall detection monitor device 22 and the 
part of the device that communicates with the console 104 are 
separate, in which case more than one of the parts that con 
stitute the wearable fall detection monitor may communicate 
with the worn part of the device that communicates with the 
console, and that resulting aggregation and communication 
device may be called a hub, which may be located anywhere 
on the body, although it would typically be located some 
where on the torso where it would be roughly equidistant 
from sensors located anywhere on the body, and where it 
could have extra battery weight that would be easily borne by 
the user. In the combined wearable fall detection monitor 
device 22 and console 104, the system may include a wide 
area network (WAN) interface and may also be able to com 
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municate directly to the call center 106. Some of these con 
figurations enable the wearer of the wearable fall detection 
monitor device 22 to be monitored at a greater distance from 
the console 104. 
0091 Still referring to FIG. 6, the console 104 also 
includes an analytics Subsystem 108 including at least one 
parametrized structure and a data storage Subsystem 110. The 
console 104 is typically physically proximate to the wearable 
fall detection monitor device 22 Such as in the same building, 
a house or apartment, for example. The console 104 receives 
alerts from the wearable fall detection monitor device 22 and 
relays the received data to the call center 106 through a 
wireless connection, a local-area or long-range communica 
tions network. In addition, the console 104 provides some 
amount of local storage in the data storage Subsystem 110 in 
part to foster fault tolerance. The data storage subsystem 110 
enables the console 104 to re-send information to ensure the 
reliable notification of caregivers. It also enables retrieval and 
transfer of detailed data about falls and near falls to perma 
nent storage. The console 104 also includes an internal elec 
tronic clock so that information can be time-stamped and 
routine communications scheduled for the most Suitable 
hours of the day or night. 
0092. Where the console 104 is a home-based monitoring 
console, the console 104 is preferably located so that radio 
coverage is provided for the entire dwelling area. If a single 
console 104 cannot provide sufficient coverage for the entire 
occupied area (because the dwelling is very large, because of 
localized interference, or because separate buildings or out 
door spaces are also to be covered), additional consoles may 
be employed to extend the coverage area. In those embodi 
ments in which more than one console is used, each console 
104 has its own telephone connection (or other communica 
tions connection). Separate telephone numbers or extensions 
for multiple telephone-based consoles are optional and usu 
ally not necessary. 
0093. In the event of a fall or a call button press, the 
wearable fall detection monitor device 22 immediately con 
tacts the console or cellphone (“console') 104, which in turn 
relays a distress alert to the call center 106. The console 
accordingly also gives calls to caregivers as appropriate, or 
alternatively the call center 106 in turn contacts caregivers. 
0094. In the event of an emergency, the console 104 ini 

tiates the connection to relay the information to the caregiver. 
The console 104 in this embodiment continues to attempt the 
communication until the communication has been completed 
Successfully Such as determined by an acknowledgement to 
the console from the call center 106. 
0095. It is recognized that the above describes one 
arrangement. There can be other arrangements such as in 
which the console 104 communicates with the call center 106 
(alternatively, with designated caregivers) indirectly, either 
through a communications connection Such as the telephone 
system to the Internet or some other network. In this arrange 
ment, the console 104 communicates with a third party (Such 
as an automated call center) whose task it is to then relay and 
present the information to the call center 106 (alternatively, 
with caregivers) as appropriate. 
0096. Several embodiments of the console 104 are pos 
sible depending on the specific needs of the user installation. 
For home-based monitoring, an example console 104 takes 
the form of a desktop box that is centrally located in the house 
and is connected to telephone lines. The use of other long 
distance communications networks, such as cellular tele 
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phone networks, 3G and 4G cellular telephone networks, 
WiMAX, DSL, cable modem, and other wired and wireless 
“back-haul’ networks are also foreseen by this invention. In 
this embodiment, the console 104 contains a radio receiver, a 
telephone (or other “backhaul’ communications) interface, a 
wall-power system with battery backup, and enough storage 
and processing power to perform the required console func 
tions. In addition, the console 104 itself may provide an 
emergency call button or "hotkey sequence' to complement 
the call button on the wearable fall detection monitor 22. 
0097. Referring to FIG. 7, a schematic of the components 
of the fall monitor device 22. The wearable fall detection 
monitor device 22 of the fall detection system 20 has a micro 
controller 120 connected to a plurality of devices including at 
least one unbuffered analog input 122, at least one buffered 
analog input 124, at least one digital input/output 126, and an 
accelerometer 128. 
0098. The microcontroller 120, the central component of 
the fall monitor device 22, is illustrated. The microcontroller 
120 has sufficient main memory to support the Software algo 
rithm and data management that are central to the identifica 
tion of falls, as well as optionally sufficient volatile or non 
Volatile memory to Support storage of data on a small number 
of fall candidates, with non-volatile storage as another alter 
native for a data diary stored for longer periods of time. 
(0099. The algorithm which is symbolically shown in FIG. 
4 is stored in the program register of the microcontroller 120. 
The parameters that determine if the various conditions (e.g., 
condition B, condition C, etc) are met, including the threshold 
parameters of C. and B, and time, can be adjusted by a person 
based on fundamental knowledge of the wearer or the wear 
er's class, or based on data stored either in the microcontroller 
120 or that has been transmitted to the console 104. 
0100. The buffered analog input 124 is buffered by an 
amplifier 130. The buffered analog input 124 has a ground 
referenced DC amplifier to be compared to the output of the 
accelerometer 128. The accelerometer 128 is preferably a 
3-axis accelerometer to allow for the detection regardless of 
the orientation of the wearable fall detection monitor device 
22. In addition to the accelerometer 128, there is optionally an 
impact detector 132 such as developed by Natick Laborato 
1S. 

0101 The microcontroller 120 examines the input from all 
three axes of the accelerometer. The microcontroller 120 
determines in what direction there is a G force; the direction 
may not and likely will not correlate with one of the 3 axes of 
the accelerometer. The microcontroller 120 through the algo 
rithm determines the magnitude and direction of the force that 
would produce acceleration. As has been discussed above, the 
absolute orientation of this direction does not matter. What 
matters is the magnitude of the G-force and the direction in 
each sample, as well as in relation to other samples. In other 
words, during the first stage of a fall, the magnitude of the 
accelerometer reading drops to significantly less than 1 G. 
During impact the movement changes direction Substantially 
in the reverse direction as a result of G forces of high magni 
tude. During the third stage of the fall what matters is not the 
direction of motion and the G-force measured by the accel 
erometer of itself, but rather the magnitude and direction of 
the G-force characterizing that impulse or change in motion 
that is measured and understood in relation to the motionless 
ness that results in the fourth stage of the fall. 
0102. In addition to algorithmic differences in the above, 
the only major physical differences of the wearable fall detec 
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tion monitor device 22 dependent on the location it is placed, 
for example the wrist 26 or the chest 28 are the attachment 
means and the size, weight, and location of the buttons and 
antenna for communication. The analytical Subsystem 34 of 
the wearable fall detection monitor device 22 has different 
threshold parameters to account for the difference in location. 
It also must give consideration as is described herein to extra 
neous motions that are possible with the arms and wrists. 
0103) A power module 134 conditions and provides power 

to the components. In addition to the power module 134, the 
wearable fall detection monitor device 22 has a charger 136 
for the charging of at least one battery 138. Optionally, 
replaceable batteries are used. The battery 138 provides 
power to the components of the fall detection monitor 22, 
unless the fall detection monitor 22 is docked such as in a 
console 104 to charge, or unless replaceable batteries are 
used. The power, regardless if it is from the docking or battery, 
is conditioned by the power module 134 and forwarded to 
various components by a power rail 140. 
0104. In addition, the wearable fall detection monitor 
device 22 of the fall detection system 20 has the communi 
cation system 32 and the call button 38 connected to the 15 
microcontroller 120. In one arrangement, the threshold 
parameters, including C. and B are adjusted by transmitting 
information from the console 104 wirelessly or through the 
docking station such as in a console 104 to the wearable fall 
detection monitor device 22; the data is fed from the commu 
nication system 32 to the microcontroller 120 through the 
digital inputs 126. 
0105 Referring to FIG. 8, a mobile tele-monitoring sys 
tem 180 is shown. The mobile tele-monitoring system 180, a 
fall detection system, includes a wearable fall detection moni 
tor device 22 worn by the person 24 being monitored. The 
mobile tele-monitoring system 180 further includes a mobile 
console 182. The mobile console 182 enables monitoring for 
those people who require monitoring outside the home (or 
other fixed location). The mobile console 182 includes data 
storage 110. The mobile console 182 further includes a 
mobile power source 184 making the console 182 portable. 
The mobile power source 184 is, for example, a rechargeable 
lithium polymer battery based power regulator circuit. The 
mobile console 182 also includes a wireless communications 
system Such as a wireless transceiver 186. For example, one 
arrangement of the mobile console 182 combines a radio 
receiver to receive transmissions from the wearable fall detec 
tion monitor device 22 with a “cellular telephone” (GSM, 
GPRS, CDMA/TDMA, etc.) radio module. 
0106. In one arrangement, the wearer 24 of the wearable 

fall detection monitor device 22 carries (or wears) the mobile 
console 182 in addition to the wearable fall detection monitor 
device 22. In another arrangement, the mobile console 182 is 
located nearby Such as in a vehicle. In either case, the wear 
able fall detection monitor device 22 monitors the person 24 
as described above and records the fall data in the data storage 
system 36 or the Call Center. The data storage system 36 is 
periodically transmitted to the mobile console 182. The wear 
able fall detection monitor device 22 also detects a fall, for 
example, or call button activation and transmits a distress 
message to the mobile console 182. 
0107 Unlike a location-based system, the mobile moni 
toring system 180 optionally includes a locator 188 in the 
console 182 in order to report the location where aid is 
needed. In a first arrangement, the locator 188 is a global 
positioning system (GPS) device enabling the console 182 to 
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transmit the location to the call center 106. In a second 
arrangement, the locator 188 makes a cellular telephone con 
nection and the console 182 can be found through known 
triangulation techniques. In a third arrangement the worn hub 
is a cellphone with a GPS, so that the coordinates can be read 
from the cell phone and transmitted. Alternatively, a locator 
188 is included in a wearable fall detection monitor device 
190 as shown in the embodiment described below with regard 
to FIG. 9. 

0.108 FIG. 9 shows an alternative arrangement of a wear 
able fall detection monitor device 190 enabling monitoring 
away from a fixed location. The wearable fall detection moni 
tor device 190 includes at least one sensor 30 to monitor the 
person wearing the wearable fall detection monitor device 
190. The wearable fall detection monitor device 190 further 
includes algorithms 34 for analyzing the collected sensor 
data. The wearable fall detection monitor device 190 also 
includes a data storage system 36 to store data and a call 
button 38 as described in previous arrangements. The wear 
able fall detection monitor 190 further includes a mobile 
communication system 192 to transmit data to a fixed-loca 
tion console or directly to a call center. The mobile commu 
nication system 192 interfaces for example with the wearable 
fall monitor wearer's cellular telephone to communicate with 
a console or a call center. The wearable fall detection monitor 
190 further includes a mobile power source 184 that powers 
the wearable fall detection monitor 190 in order to perform 
monitoring operations and to communicate with a console or 
call center. In one arrangement, the wearable fall detection 
monitor 190 is locatable using the cellular telephone connec 
tion using known techniques such as triangulation. In a sec 
ond arrangement, the wearable fall detection monitor 190 has 
a locator 188 which is, for example, a GPS device. 
0109. In another arrangement, a tele-monitoring system 
combines the mobile console 182 with one or more fixed 
location monitoring consoles 104 (e.g., home-based con 
soles) to provide comprehensive monitoring. 
0110 Referring to FIG. 10, a schematic view of a tele 
monitoring system 196 having a plurality of wearable fall 
detection monitors 22 communicating with a console 198 is 
shown. This system 196 is useful in an institutional setting 
Such as an assisted care facility. Further, in an institutional 
setting, the console 198 often communicates directly with a 
local caregiver 200 rather than communicating with an off 
site call center 202. The link between the console 198 and the 
local caregiver(s) 200 is for example a wireless or a wired 
local area network. In an alternative arrangement, the console 
198 is configured to communicate directly with a designated 
call center 202, with off-site emergency personnel. Such as 
making a 911 connection or by calling a local fire department 
or police department. In some arrangements of the console 
198, the console 198 receives messages from smoke, fire, 
RFID, or other detectors installed in the building as well as 
messages from wearable fall detection monitors 22. A wide 
range of emergency response options is possible ranging from 
the notification of in-house responders to direct dial of police, 
fire, or 911. 
0111. The factors that distinguish institutional deploy 
ment from residential use include that there is a greater like 
lihood that there will be a larger number of wearable fall 
detection monitors 22 than consoles 198 in an institution, and 
the likelihood that at times there will be a large number of 
monitors 22 in the proximity of a single console 198 in an 
institution. A single console 198 with a plurality of wearable 
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fall detection monitors 22 may also be used in some residen 
tial co-housing situations that are not strictly speaking “insti 
tutional” Such as both members of an older couple using 
wearable fall detection monitors 22 in a home with a single 
console 198, or a multiple of families using a console in a 
common area. Additionally, in an institution, there is often a 
presence of an in-house emergency response service, which is 
not typically present for most non-institutional facilities. 
0112. Where there are a plurality of consoles 198, one 
console 198 is designated a main console for the purposes of 
transmitting alerts. The use of a main console avoids the 
possibility of confusion if multiple consoles were to issue 
alert signals based on a single event. Redundancy schemes are 
included in the console network to ensure that alert notifica 
tions are carried out. In one arrangement, the consoles 198 
generate an alert to emergency responders automatically 
upon receiving a signal from a wearable fall detection moni 
tor 22. In a second arrangement, a monitoring person moder 
ates the alert signals by Verifying that an emergency situation 
exists prior to forwarding the alert to emergency responders. 
Regardless of the arrangement, the fall detection system 20 
determines that a fall has occurred based on the analytical 
subsystem 34 of the fall detection monitor 22 determining 
that the data meets the required conditions; the monitoring 
person is not required to analyze the raw data to initially 
determine if a fall has occurred. At the same time, because the 
raw data can be made available to the monitoring person, the 
device can be set so that it alerts the monitoring person to a 
likely fall, and then allows the monitoring person to view that 
data in order to make a decision about what action, if any, to 
take. 

0113. The fall detection system 20 of FIGS. 6 and 8, the 
mobile tele-monitor system 180 of FIG.9, and the tele-moni 
toring system 190 of FIG. 10 include a reliability system to 
confirm communication has gone through. A method and 
system is implemented in the communication links 208 
between the consoles 104, 182, and 198 and the call center, 
Call Center 106, as well as between consoles in a plural 
console network. For example, message acknowledgments 
can be implemented in links 208 with bidirectional commu 
nications, particularly where the communications are of low 
latency. Data transfer by modem (from console to call center), 
for example, is easily made reliable because the circuit-based 
full-duplex communications channel allows rapid acknowl 
edgement. A notification delivered by pager or telephone 
short message service (SMS) is more difficult to make reli 
able because it is difficult to guarantee that the message will 
actually be seen by the recipient even when the message is 
successfully delivered to the receiving device. In some cir 
cumstances, it will be possible to require that Such notifica 
tions be acknowledged by an action taken by the recipient 
Such as requiring a caregiver to send a reply message to a 
telephone SMS message, but there is substantial risk that 
these additional actions are unreliable. For example, one may 
not remember to acknowledge a telephone message if one is 
rushing off to check on someone who has fallen and may be 
severely injured. 
0114 Redundancy Strategies can be included in arrange 
ments in order to ensure that analert message is transmitted to 
a responder. For example, in one arrangement, the console 
notifies the first caregiver on the list and if a positive acknowl 
edgement is not received the second one is contacted, etc. 
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Another arrangement relies on a call center that Supports a 
range of notification options, from telephone calls to pages to 
SMS messages. 
0115 One of the key issues for a device that operates only 
occasionally is reasonable verification that it is still function 
ing properly so that there is a reasonable expectation that it 
will perform when called upon to do so. Conventional manual 
call button services lack the periodic reporting feature of the 
fall monitor System, and thus failures may go undetected for 
as long as the system remains untested. One way to do this 
Verification is to trigger trial alarms. A representative of the 
call center can contact the user, who can push the button to 
trigger an alarm, and the caller can verify that the alert came 
through to the call center. However, there is also a need to 
verify the automatic alarm capability to the extent possible. 
One way is for the caller to arrange for the user to drop the 
device to the ground and wait for the alert to come in verifi 
cation to the call center. This, however, places a burden on the 
user, who may not be capable of performing this function. It 
is desirable to have a method for verifying functionality that 
is independent of the user. The automated internal check of 
selected functioning of the system and its components is 
controlled in Software running on the microcontroller and is 
either triggered by an external command or performed on an 
automatic scheduled basis periodically, such as once every 
week. The algorithm checks each component of the wearable 
fall detection monitor 22 to verify that it is functioning 
according to the verification conditions, and sends as little as 
a single bit of information to the console for pass through to 
the call center to indicate that everything is functioning prop 
erly, or not. This check for example runs through the internal 
checks provided with the accelerometer and the microcon 
troller, then reports to a separate line in the call center that the 
test was successful or not. Certain parts of the device are 
implicitly checked by this process and may not require sepa 
rate automated verifications. For example, the fact that a 
command was received and in turn triggered the check pro 
vides evidence that the digital input channel is functioning 
properly. The fact that the device successfully radioed the 
results provides evidence that the radio system is working 
properly. Time stamping the transmitted information pro 
vides indication that the system clock is functioning properly, 
as well as providing part of a unique identifier for the infor 
mation. To minimize use of power and valuable time on the 
communication channels, minimal bits of information need 
be transmitted to indicate a successful check. The connection 
for these periodic or on-command checks can also serve for 
transmission of any fall data that may have been stored by any 
worn fall monitor, hub, or the console. Those skilled in the art 
will recognize that additional information can be sent in addi 
tional bits with minimal impact on the longevity of the battery 
life or the time to transmit and read this information at the 
console or at the call center. 

0116. In addition to the console, 104, 182, and 198 con 
tacting the Call Center 106 or off-site assistance center 202, 
remote caregivers or technicians at a Call Center can initiate 
the connection with the console 104, 182, and 198. This 
"pull communications arrangement is desirable under some 
circumstances Such as Verifying that equipment is working, 
performing remote maintenance, or maintaining a working 
relationship with users. In addition, the parameters such as 
the threshold levels B, C, and T can be adjusted using this 
“pull communication. 
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0117 Referring to FIG. 11, a flow chart of the operation to 
handle a communications failure between the console 104 
and the Call Center 106 is shown. A communications failure 
between the console 104 and the central Call Center 106 is 
handled differently than a communications failure between a 
wearable fall detection monitor 22 and the console 104. 

0118. A failure to receive data from a console 104 within 
Some predefined reporting interval results in a logging of the 
failure at the Call Center 106 as represented by block 212. The 
predefined reporting interval is a settable interval. The inter 
Val in one arrangement is, for example 7 days. Thus the 
console 104 automatically sends some message or informa 
tion to the Call Center 106 during a set time range in each such 
call interval. If the user is off to another location and the 
console 104 has been properly set such that the console 104 is 
not noting a failure of the wearable fall detection monitor 22, 
the message will be that there is no message or information 
that has to be sent by the console 104 to the Call Center 106. 
0119. It is recognized that the type of signal the console 
104 sends the Call Center 106 can differ depending on the 
situation, Such as the person is present but in trouble without 
having fallen. Thus, differing signals can be sent by the fall 
monitor depending on Such conditions. In one embodiment 
there is no emergency message sent but a message indicating 
presence and/or activity if the accelerometer trace indicates 
some sort of activity by its variation over the period. If there 
is a fall then there is an emergency message sent, then both the 
console 104 and Call Center 106 know that the wearable fall 
detection monitor 22 is in proximity. If there is no fall and no 
activity, the wearable fall detection monitor 22 sends the 
default null signal so that the console 104 and thus also the 
Call Center 106 know that the fall monitor is functioning and 
in proximity. If the wearable fall detection monitor 22 is not in 
proximity, then the console receives no signal at all, and it can 
notify the Call Center 106 accordingly. 
0120) If the Call Center 106 does not receive a report from 
the console 104, it 106 attempts to establish a connection to 
the console 104 which in turns reports that the wearable fall 
monitor checks out, after the failure to receive data is per 
ceived, as represented by block 214. If the Call Center 106 is 
Successful in contacting the console 104, the failure report is 
closed and further failure response is abandoned as repre 
sented by block 216. 
0121. In one arrangement, the Call Center 106 does not 
close out the failure report until the Call Center 106, typically 
a person, communicates with a person at the monitored site to 
Verify that there is no medical (or other) emergency and that 
the wearable fall monitor 22 and console 104 are functioning 
properly. After this validation is completed, and appropriate 
action taken, the failure report is closed out. 
0122. In another arrangement, a computerized inquiry 
program is implemented. A computerinquiry is transmitted to 
the console site. The inquiry, is for example, out-of-band Such 
as over a telephone line other than the telephone line con 
nected to the console 104. A person at the console site 
responds to the inquiry by either providing a voice response if 
the Call Center 106 has a person or a voice recognition sys 
tem, or by transmitting a response through the console 104 
itself. The Call Center 106 closes the failure report upon 
receiving a response that the person is well and the wearable 
fall detection monitor 22 and console 104 have been repaired 
or are operating properly. 
0123. If the Call Center 106 cannot contact the console 
104, an alarm is raised indicating that the console is not 
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responding, as represented by block 218. Depending on the 
circumstances and preferences of the caregivers, this could be 
a “first class' alarm that results in immediate notification, or 
a “second class' alarm (other examples might include “low 
battery’) that notifies the caregiver in a less urgent way—by 
sending e-mail or calling during business hours, for example. 
0.124. The failure or Success results are logged as are any 
actions such as validations or alarms sent, as represented by 
block 220. 

0.125. A console 104 communications failure with a cen 
tralized Call Center 106 is also, for example, discovered by a 
caregiver attempting to contact the console 104 for a routine 
report. At that point, the caregiver is relied upon to respond to 
the situation. This is typically treated as a serious problem, 
since Such a communications breakdown could prevent the 
delivery of urgent notifications. 
0.126 With details of the fall detection system 20, a higher 
level discussion follows. The fall detection system 20 is not 
triggered by changes in body orientation. Instead, the fall 
detection system 20 responds to a sequence of algorithmi 
cally determined events that indicate that a seemingly dam 
aging fall has occurred. The standard thresholds are review 
able and customizable by qualified personnel to tailor the 
system to the user based on several factors including data that 
is stored in the data storage system 36 of the wearable device 
22 and the data storage system 110 of the console 104. As a 
result of the sequence of algorithms for determining if a fall 
has occurred, the wearable fall detection monitor 22 can be 
Worn While lying down, sleeping, reclining, or engaging in a 
full range of daily activities without risk of unreasonable 
numbers of false alarms. 
I0127. Referring to FIG. 12, a block diagram illustrates the 
progression of movements that are typical of a fall, i.e., the 
“event sequence' of a fall. The user wearing the wearable fall 
detection monitor 22 is moving about normally, as repre 
sented by block 226. The sensor(s) 30, as seen in FIG. 6, such 
as the accelerometer 40, associated with the wearable fall 
detection monitor 22 detects movement that the analytics of 
the system 34 compute as non-fall activity. This need not be a 
sophisticated determination. It suffices for the present device 
that the accelerometer 40 track has small variation around the 
value of 1 G. 

0128. The user exhibits movement which the wearable fall 
detection monitor 22 determines to be characteristic of a fall, 
as represented by block 228. The details of this fall may vary 
from a free fall, as if the person’s legs disappeared and S/he 
fell unobstructed to a surface, to a toppling fall in which the 
person gradually falls and perhaps bumps up againstavertical 
Surface and then slides down that surface, to a complex fall 
which occurs in a sequence of stages, each with different 
acceleration. The accelerometer 40 associated with the wear 
able fall detection monitor 22 detects conditions of a fall, 
typically a state of Zero gravity or reduced gravity, the precise 
threshold of which can be set by a qualified professional. 
I0129. With the parameters such as timing, the threshold 
parameters of C. and B adjustable, the qualified professional 
tunes the balance between false positives for a fall for an 
individual person, and false negatives. For example, if the 
person has a Support network that the console 104 can call and 
the danger of injury is high in case of a fall, then the threshold 
to identify a fall can be set high (closer to 1 G, further from 0 
G. more generally formulated as maximizing the size of the 
domain for satisfying condition B of FIG. 3) to risk false 
positives and send alerts or to proceed with the algorithm, for 
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any event that remotely resembles a fall. In one setting, for 
example, this domain would include an accelerometer read 
ing of 0.8 g. On the other hand, if all alerts are sent to 911 with 
no verification, especially if there is a significant Social or 
financial cost for a false positive, and particularly if the user is 
judged not to be at risk of significant injury as a result of a fall, 
then the threshold to identify a fall can be set to risk false 
negatives and send alerts only for events that most rigorously 
fit the character of a fall. In one customized setting, for 
example, this domain would include an accelerometer read 
ing of 0.1 G, or in the extreme, 0.0 G. 
0130. The user exhibits movement that the wearable fall 
detection monitor 22 determines to be characteristic of the 
wearer completing a fall, typically an impact, as represented 
by block 230. The accelerometer 40 associated with the wear 
able fall detection monitor 22 detects the motion, although an 
impact monitor can in certain cases also be used to detect 
impact. Again the details of the accelerometer 40 readings 
will depend on the nature of the fall. For a simple fall leading 
to a single-point contact with a Surface, the acceleration 40 at 
that point of the body can be very high and the damage 
considerable, leading to shattering of even a healthy hip, and 
to shock waves transmitted through the body, where they are 
detected by an accelerometer40. For a complex fall leading to 
multi-point contact with one or more surfaces, the fall is 
broken into multiple parts, each with lower acceleration upon 
impact. Again a qualified professional can set thresholds for 
determining that particular acceleration events are indicative 
of a fall of significance. These thresholds may depend on Such 
factors as assessed bone fragility and weight. 
0131 Candidates for complex falls are the ones for which 
professionally settable parameters or thresholds for fall deter 
mination are particularly important. In one example, a user 
stumbles while climbing a stairs and catches himself with his 
hand or forearm against the stairs with no impact of the rest of 
the body against the stairs or walls. The accelerations and 
impacts are likely to be quite small, and the likelihood of 
significant injury quite Small. It is a matter for professional 
judgment whether to set the device to consider Such an event 
as a fall. In another example, the user stumbles while climb 
ing a stairs and catches herself with her hand or forearm 
against the stairs with some degree of impact, possibly quite 
strong, of a part of her leg against the stairs or walls, jarring 
her body. Because of the location of the impact, the impact 
measured by sensors 30 may be quite Small, and the accel 
eration no different than in the previous example. Yet it is 
possible that a particularly frail person may Sustain signifi 
cant leg injury and require help. It is a matter for professional 
judgment whether to set the device to consider Such an event 
as a fall, and the degree to risk false positives. In yet a third 
example, a person partially misses a stair and falls on his 
ample buttocks and upper legs, sliding down the stairs. Thus, 
there was a zero G event at the beginning of the fall, but the 
impact was distributed over a considerable area of the body 
and stairs, and over several seconds of time. Even a seemingly 
very frail person has been known to suffer no injury from such 
a sequence of events. Again, it is a matter for professional 
judgment whether to set the device to consider Such an event 
as a fall. The design of the present inventive device allows 
Such a qualified person to make Such settings to customize 
how the device identifies falls. 

0132. The user exhibits movement that the wearable fall 
detection monitor 22 determines to be characteristic of the 
last event in the sequence of the fall, that of the wearer not 
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exhibiting significant signs of movement as represented by 
block 232. Again the details of the accelerometer 40 readings 
will depend on the nature of the motion. In case the person is 
motionless for a sufficiently long period of time, the fall 
detection system's 20 final logical condition changes to 
TRUE, meaning that the person is Substantially not moving 
and is therefore likely to be unconscious or significantly 
injured, and the wearable fall detection monitor device 22 
initiates a call for help. There are inherently two parameters 
characterizing this condition. One is the length of time that 
constitutes a “significant period of time. A qualified profes 
sional sets this parameter, or leaves it at the default value. The 
other parameter defines what constitutes “motionless” as rep 
resented by the distinction between condition D and condi 
tion E in FIG. 3. In case the accelerometer 40 indicates true 
Zero motion, this is unambiguous. In case there is very slow 
motion the condition becomes ambiguous, although this 
ambiguity in motionlessness may be resolved in Such cases 
through evaluation by a statistical classifier, by Shewhart 
control charts, or other similar means. A qualified profes 
sional can adjust this parameter for motionlessness as used by 
whatever algorithm that is used, or leaves it at the default 
value. 

0.133 While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the invention as 
defined by the appended claims. 
I0134) For example, it is recognized that the device could 
be implanted under the skin of the user. Likewise, not all 
locations on the human body are equal with regard to the 
location of physiological sensors, and in many cases it may be 
desirable to embed sensors or other components of the system 
in clothing, shoes, protective gear, watches, prosthetics, etc. 
0.135 For example, depending on the location the fall 
detection system 20 is used, the selection of the power sys 
tem, the battery 138 could influence the arrangement. Battery 
size and weight are important human-factors consideration. It 
is expected that the battery weight will typically be approxi 
mately one half the weight of the wearable fall detection 
monitor 22. Battery size, weight, and run time are important 
ergonomic, reliability, and usability factors. Perhaps some 
time in the future a device might run indefinitely on an arbi 
trarily Small, light fuel cell that converts Some compound of 
hydrogen very efficiently into electricity. At present the tech 
nical reality is that even in a well-optimized design, the sensor 
and analysis hardware consume a small, though significant 
amount of power. As a result, there is usually an important 
trade-off between battery size and run time for a given rate of 
power-consumption. 
0.136 Radio usage places the single greatest demand for 
power. Thus if the radios are used more, the tradeoff is bal 
anced in the direction of more power usage and therefore 
larger, heavier batteries. Therefore, minimizing radio usage is 
desirable, and it is important that the radio be shut down in 
standby mode when it is not specifically in use for commu 
nicating valuable information. Thus, it is desirable that the 
fall monitor is a dedicated device, or that any additional 
functionality, such as a time display to disguise the true pur 
pose of wrist-worn device, be implemented with extraordi 
narily little power drain, with only a minimum of necessary 
information communicated, even to the extent of foregoing 
Some of the storage and communication of detailed acceler 
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ometer data around the time of a candidate for a fall event. In 
a minimalist version, which might not be acceptable in light 
of the need to periodically verify continued proper function, 
there is communication only if there is an emergency, or very 
briefly at night to acknowledge that it is still present and 
functioning properly. In this way electrical power usage is 
minimized. Thus the tradeoffbetween battery weight and size 
versus battery longevity is biased in the desired direction. 
0.137 How long “sufficient run time' is depends on the 
usage model of the wearable device. Use in an institutional 
setting, with active and ongoing device management and 
maintenance by caregivers, is a relatively undemanding usage 
model from the standpoint of run-time and battery manage 
ment. A more demanding usage model is home use where 
frequent intervention for power management is typically not 
desirable or feasible. 

0138. In that the wearable fall monitor device 22 will not 
run indefinitely, the battery must be changed or recharged 
such as indicated above with charger 136 with respect to FIG. 
7. For home use, the users of the device cannot always be 
relied on to change or recharge the battery. The users of the 
fall monitor are likely to be at least partially physically handi 
capped, and may suffer from perceptual and cognitive impair 
ment as well. For example, a very high percentage of the 
elderly suffer from Some degree of cognitive impairment, so 
that the same limitations that pose a problem for their remem 
bering to push a manual call button or, if they do remember to 
try to push the button, then how to push the button, also pose 
a problem for their remembering to change a battery, or even 
how to change a battery if there is any recall required about 
the method to do so. Furthermore, even for users who are 
physically and cognitively capable of changing the battery, 
the requirement for routine maintenance could have a signifi 
cant negative impact on usability and thereby decrease the 
availability of the device for its purpose. 
0.139. Whether the battery is to be changed or recharged by 
the user or by someone else, or if the device is made available 
as a disposable that is simply replaced when the battery is 
exhausted, it is necessary to determine what a reasonable 
minimum run-time might be. One consideration is availabil 
ity of personnel to perform maintenance functions. Because 
Medicare requires a monthly review of each patient or client 
by a superior of the everyday personnel who tend to the 
person, a medical doctor in the case of nurses from a Visiting 
Nurse Association (VNA) or a licensed nurse in the case of 
junior assistants, a one-month run-time might be considered 
an example absolute minimum for continuous operation for 
home-use as part of ongoing visiting care. Assuming that 
visiting caregivers will be able to replace or recharge the 
battery as needed, this configuration Suggests that there 
would actually be multiple opportunities per month for a 
caregiver to do so. In reality the present embodiment is 
expected to support a battery life of 6 months to 2 years. 
0140 For home users who are not receiving ongoing home 
care or treatment under Medicare, the device should operate 
for periods considerably longer than a month without a bat 
tery change. Conventional stand-alone call-button wearable 
fall detection monitors generally operate for up to one year 
without battery change. Engineering analysis Suggests that at 
this time a six to twenty-four-month period between battery 
changes is a reasonable engineering target for the wearable 
fall detection monitor 22. Although a six-month interval 
places more burden on the user or the caregiver than the 
one-year interval required for conventional radio call buttons, 

Jun. 5, 2008 

the additional functionality provided by the fall monitor more 
than compensates for the shorter battery life, and the users do 
not perceive a significant difference between a six month 
recharge cycle and a one year recharge cycle. 
0.141. One model for battery management is a low-power, 
long-run embodiment in which the user, if adequately com 
petent, or otherwise the caregiver or technician, replaces the 
fall monitor battery (or the entire device) on a periodic basis. 
Of presently commercially available battery technologies, a 
disposable lithium battery provides the highest power density 
in the Smallest package. Hence, a lithium-chemistry battery 
charged by a trained technician is a desirable battery manage 
ment option even if its expense makes the disposable option 
less attractive. 
0142. The present invention foresees arrangements in 
which more than one type of power Source or power-manage 
ment strategy is used. The problems outlined in this discus 
sion principally the problem of the need for long-term con 
tinuous device operation with no routine user maintenance 
are important and provide the framework within which alter 
native power and power management strategies can be ana 
lyzed. Those skilled in the art will recognize that all such 
alternative power management and provision strategies 
would fall within the spirit of the inventive device. 
0143. One of the advantages of the wearable fall detection 
monitor 22 as compared to the conventional call button device 
is that the wearable fall detection monitor 22 can monitor its 
battery charge (and other aspects of the device) and can 
inform caregivers (through the console communications sys 
tem) and the user (through an LED or other external indicator) 
when the battery is running low. No Such self-monitoring is 
provided by conventional radio call buttons, which are typi 
cally tested by calling users and asking them to push the call 
button. Thus the wearable fall detection monitor 22 user does 
not need to remember to change the battery or otherwise 
manage the device. The monitoring device can monitor its 
own state. Likewise, caregivers or the third-party monitoring 
service can remotely detect the failure of the wearable fall 
detection monitor 22 (due to missed verifications described 
above) or the console (due to missed call-ins during verifica 
tions described above) and can take action to remedy this 
situation. 

What is claimed is: 
1. A wearable device for a remote monitoring system, the 

wearable device positioned on the body of a person, the 
wearable device comprising: 

a data receiver to receive sensor data transmitted from at 
least one sensor positioned on the person; 

an analysis device to take the sensor data as input, the 
analysis device to analyze timing and the sensor data and 
to generate a report; and 

a transmitter to transmit the report to an external device. 
2. A wearable device for a remote monitoring system of 

claim 1 wherein the analysis device further comprises an 
algorithm with one or more stored parameters, the analysis 
device to use the parametrized algorithm to transform the 
sensor data into a human-meaningful form for interpretation. 

3. A wearable device for a remote monitoring system of 
claim 2 wherein the parameters include acceleration thresh 
olds and timing thresholds. 

4. A wearable device for a remote monitoring system of 
claim 2 wherein the analysis device is analyzing in relation to 
a fall condition, and the one or more stored parameters, each 
having a default value adjustable by qualified professionals to 
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characterize the fall condition for individual people or classes 
of people, the analysis device to use the parametrized algo 
rithm to interpret the sensor data. 

5. A wearable device for a remote monitoring system of 
claim 4 wherein the at least one sensor comprises an acceler 
Ometer. 

6. A wearable device for a remote monitoring system of 
claim 5 wherein the at least one sensor Such as an accelerom 
eter further comprises an impact detector. 

7. A wearable device for a remote monitoring system of 
claim 6 wherein the collected data is analyzed data from the 
analysis device. 

8. A wearable device for a remote monitoring system of 
claim 1 wherein the analysis device further comprises an 
algorithm with one or more stored parameters, each with 
default values, adjustable by qualified professionals, the 
analysis device to use the parametrized algorithm to interpret 
the sensor data. 

9. A wearable device for a remote monitoring system of 
claim 8 wherein the analysis device provides an indicator of 
how closely the sensor data matches data of the at least one 
stored model. 

10. A wearable device for a remote monitoring system of 
claim 9 wherein the analysis device uses reported values to 
indicate how closely the accelerometry data matches the 
parameters used by the algorithm. 

11. A wearable device for a remote monitoring system of 
claim 3 further comprising a data diary for retaining collected 
data about falls and near falls to facilitate adjusting parameter 
settings for the user. 

12. A wearable device for a remote monitoring system of 
claim 1 further comprising a data diary for retaining outputs 
of algorithms. 

13. A wearable device for a remote monitoring system, the 
wearable device positioned on the body of a person, compris 
ing: 

a data receiver to receive data from at least one sensor 
positioned in the device; 

a parsing device to chunk through the datastream from the 
data receiver to determine the values of the acceleration 
in three dimensions; 

an analysis device to take the data as input, the analysis 
device including a set of parameters, the analysis device 
with an algorithmic function operating on the received 
data to determine if the person has had a fall on the basis 
of the truth value of one or more conditions; and 

a transmitter to transmit a fall report to an external device. 
14. A method for determining a change in a person's physi 

cal situation, comprising: 
sampling at least one sensor device carried on the person; 
detecting when the sensor indicates a change from a nor 
mal range to an alternative range; 

continuing to sample the sensor in a first time interval to 
determine if the sensor is outside of the normal range for 
over a specified period; 

generating a signal regarding change of situation if a spe 
cific criteria is met. 

15. A method for determining a change in a person's physi 
cal situation of claim 14 further comprising: 

detecting when the sensor indicates a change from the 
second range to a third range; and 
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continuing to sample the sensor in a second time interval to 
determine if the sensor is in the third range for over a 
specified time period prior to generating a signal regard 
ing change of the position. 

16. A method for determining a change in a person’s physi 
cal situation of claim 15 further comprising: 

detecting when the sensor indicates a change from the 
fourth range to a fifth range; and 

continuing to sample the sensor in a third time interval to 
determine if the sensor is in the fifth range for over a 
specified time period prior to generating a signal regard 
ing change of the position. 

17. A method of determining if a fall has occurred of claim 
15 wherein the sensor device is an accelerometer. 

18. A method for determining a change in a person’s physi 
cal situation of claim 14 wherein the specific criteria is at least 
one sensor recording a deceleration over a minimum thresh 
old. 

19. A method for determining a change in a person’s physi 
cal situation of claim 14 where the change of position is the 
result of a fall. 

20. A method for determining a change in a person's physi 
cal position of claim 14 further comprising communicating 
the generated signal to an external device. 

21. A method for sensing whether a person has had a 
potentially disabling fall, comprising: 

receiving data from a sensor located on the body of the 
person; 

parsing through the datastream from the data receiver to 
determine the values of the acceleration in three dimen 
sions; 

analyzing the data using an implicit set of conditions char 
acterizing one or more events with stored values that are 
compared to the accelerations in the datastream; and 

generating a fall report in response to the analyzing step. 
22. A method for sensing of claim 21 further comprising 

the step of transmitting the fall report to an external device. 
23. A method of sensing of claim 21 wherein the receiving 

data further comprises receiving data from a plurality of 
sensors or monitors located on the body of the person. 

24. A method of sensing of claim 21 further comprising: 
transforming the data received from the sensor or sensors 

to obtain values to logical conditions and variations to 
those values and conditions to indicate a particular con 
dition of the person. 

25. A method of sensing of claim 24 wherein the particular 
context is a fall. 

26. A method of sensing of claim 24 wherein the step of 
analyzing further comprises analyzing the transformed data 
using the stored parameters, whether they be the default 
parameters within the device or the parameters set by a quali 
fied professional. 

27. A method of sensing of claim 21 further comprising the 
steps of: 

achieving the logical evaluation of at least one condition, 
and the calculation of at least one statistic to indicate the 
Sureness with which the condition evaluates to true or 
false based on the data and the parameters; and 

making available the data for caregivers to determine the 
details of the candidate fall event. 
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28. A system for determining if a body has fallen, the 
system comprising: 

a local monitoring device carried on the body, the local 
monitoring device including: 
an accelerometer assembly attached to the body forgen 

erating signals representative of the body's accelera 
tion; 

an analysis device to parse the signal from the acceler 
ometer and determine if specific criteria is met; and 

a transmitter for transmitting a signal if the specific 
criteria are met; and 

a remote signal receiver configured to receive a signal from 
the local monitoring device, the remote signal receiver 
including a data storage device. 

29. A system for determining if a user has fallen of claim 27 
wherein the local monitoring device further comprises a call 
button for the user to signal for help. 

30. A system for determining if a user has fallen of claim 27 
wherein the specific criteria include meeting three distinction 
conditions for a specific time period wherein the criteria 
include adjustable threshold parameters. 

31. A system for determining if a user has fallen of claim 29 
further comprising a call center, wherein the remote signal 
receiver is a console located in proximity to the local moni 
toring device and receives the signal transmitted wirelessly 
and the remote signal receiver transmits a signal to the call 
Center. 

32. A fall detection system, comprising: 
a wearable device having at least one sensor and at least one 

stored set of parameters characterizing how to interpret 
potential fall events, the wearable device able to detect 
through algorithmic analysis of sensor data with regard 
to the parameters whether a wearer of the wearable 
device has fallen, the wearable device further having a 
transmitter to transmit a report of whether a fall has been 
detected; and 

a console wherein the console has a receiver to receive a 
report from the wearable device, the console to transmit 
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an alert, and optional additional information, to a call 
center in response to the report. 

33. A fall detection system of claim 32 wherein the trans 
mitter in the wearable device is a short-range transmitter. 

34. A fall detection system of claim 32 further comprising 
a wireless local area network and wherein the wearable 
device transmits the report to the console over the wireless 
local area network. 

35. A fall detection system of claim 32 further comprising 
a wireless node connected to the Internet and wherein the 
wearable device transmits the report to the call center over the 
Internet. 

36. A fall detection system of claim32 wherein the console 
includes a mobile power source whereby the fall detection 
system is usable away from a fixed location. 

37. A fall detection system of claim32 wherein the console 
is a cellular telephone. 

38. A fall detection system of claim32 wherein the console 
further comprises a locator device. 

39. A fall detection system of claim 32 wherein the wear 
able device further comprises a locator device. 

40. A fall detection system of claim 32 wherein the wear 
able device monitors the remaining life of the battery, indi 
cating when the available battery power remaining falls 
below a certain level, indicating that the battery will soon 
require changing or recharging. 

41. A fall detection system of claim 32 wherein the wear 
able device performs a periodic or on-command self-check to 
determine if the device is functioning properly, and reports 
the results of that check to at least the call center. 

42. A system for determining if a user has fallen of claim 29 
further comprising a call center, wherein the signal receiver is 
integral to the wearable device and receives the signal trans 
mitted by wire and the signal receiver transmits a signal to the 
call center a console located in proximity to the local moni 
toring device and receives the signal transmitted wirelessly 
and the remote signal receiver transmits a signal to the call 
Center. 


